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(54) Balance shaft housing 

(57) There is provided a balance shaft housing (an 
upper housing 14U, a lower housing 14L) disposed in 
an oil pan (7) for accommodating balance shafts (13L, 
13R) provided with counterweights (19) for canceling 
out a vibromotive force caused by pistons, character- 
ized in that the housing comprises housings which are 
divided along a plane which is parallel with the balance 
shafts, and gaps (37) are formed between edge sur- 
faces of respective side walls of the divided housings 


which are brought into contact with the plane for dis- 
charging lubricating oil from the housing, and that 
eaves-like projecting portions (38) are integrally formed 
on the upper housing (14U) of the divided housings for 
covering the surfaces confronting the gaps, whereby the 
eaves-like projecting portions help not only prevent 
lubricating oil from flowing into the housing but also 
enhance the rigidity of the housing. 
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Descripti n 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001] The present invention relates to a balance 
shaft housing, and more particularly to a housing for 
accommodating balance shafts provided with counter- 
weights for canceling out a vibromotive force caused by 10 
pistons. 

2. Description o f the Related Art 

[0002] For example, JP-B-5-39233U discloses a 15 
balancing device in which balance shafts provided with 
counterweights for canceling out a secondary vibromo- 
tive force generated by pistons of an engine are dis- 
posed below a crankshaft within an oil pan and in which 
the rotation of the crankshaft is transmitted to the bal- 20 
ance shafts via a chain/sprocket mechanism or a gear 
mechanism. 

[0003] Since the balance shafts of the balancing 
device are provided below the surface of lubricating oil 
in the oil pan, in order to prevent the occurrence of 25 
inconveniences caused by lubricating oil stirred by the 
balance shafts, the balance shafts are fully covered by 
the housing. In addition, when a great amount of lubri- 
cating oil stay within the housing, since it constitutes 
resistance to the rotation of the balance shafts, the lubri- 30 
eating oil within the housing must be discharged without 
any delay, and the aforesaid patent publication dis- 
closes the balance shaft housing constructed such that 
the lubricating oil within the housing is discharged by 
the rotating balance shafts. 35 
[0004] According to the construction disclosed in 
the above patent publication, however, the discharge 
ports for lubricating oil are made open upwardly, and 
therefore, this construction facilitates the entering into 
the housing of lubricating oil dropping from the cylinder 40 
block. Thus, the efficiency at which lubricating oil is dis- 
charged from the interior of the housing cannot be 
improved. Additionally, in the event that there are pro- 
vided openings, additional means is needed for secur- 
ing the rigidity of the housing, and this tends to 45 
complicate the configuration of the housing itself. 


ance shaft housing (an upper housing 14U, a lower 
housing 14L) disposed in an oil pan (7) for accommo- 
dating balance shafts (13L, 13R) provided with counter- 
weights (19) for canceling out a vibromotive force 
caused by pistons, characterized in that the housing 
comprises housings which are divided along a plane 
which is parallel with the balance shafts, and gaps (37) 
are formed between edge surfaces of respective side 
walls of the divided housings which are brought into 
contact with the plane for discharging lubricating oil 
from the housing, and that eaves-like projecting por- 
tions (38) are integrally formed on the upper housing 
(14U) of the divided housings for covering the surfaces 
confronting the gaps. According to this construction, the 
eaves-like projecting portions help not only prevent 
lubricating oil from flowing into the housing but also 
enhance the rigidity of the housing without involving an 
increase in number of components. 
[0007] In addition, according to a second aspect of 
the invention, the eaves-tike projecting portions are con- 
nected to bearing portions (a second bearing wall 26, a 
bearing hole 40) provided on the upper housing for sup- 
porting the balance shafts, whereby the rigidity of the 
bearing portions can be enhanced. According to a third 
aspect of the invention, the eaves-like projecting por- 
tions are connected to an axial position regulating por- 
tion (a thrust bearing wall 16) for the balance shafts 
which is provided on the upper housing, whereby the 
rigidity of the axial position regulating portion can be 
enhanced. According to a fourth aspect of the invention, 
the eaves-like projecting portions are connected to fas- 
tening portions (boss portions 39) which are provided 
on the upper housing for fastening the lower housing, 
whereby the rigidity of the fastening portion can be 
enhanced. 

[0008] On top of the above constructions, according 
to a fifth aspect of the invention, the edge surfaces of 
the respective side walls of the divided housings which 
are brought into contact with the dividing plane are off- 
set from each other to thereby form the gaps, whereby 
the reduction in strength of the side walls otherwise 
resulting from the provision of lubricating oil discharge 
ports is substantially eliminated, thus the rigidity of the 
housing being able to be enhanced as a whole. 

BRIEF DESCRIPTION OF THE DRAWINGS 


SUMMARY OF THE INVENTION 

[0005] The invention was contrived with a view to so 
solving the drawbacks inherent in the related art, and a 
primary object thereof is to provide a balance shaft 
housing which is constructed so as to prevent the intru- 
sion into the housing of lubricating oil dropping from the 
cylinder block side while maintaining the rigidity as high 55 
as possible. 

[0006] With a view to attaining the object, according 
to a first aspect of the invention, there is provided a bal- 


[0009] 

Fig. 1 is a front view of an engine to which the 
invention is applied to, the engine being partially cut 
away to show a main part thereof; 
Fig. 2 is a partial longitudinal sectional view taken 
along an axial center of a left balance shaft to show 
the interior of an oil pan; 

Fig. 3 is a longitudinal sectional view of a balancing 
device taken along an axial center of a right bal- 
ance shaft; 
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Fig. 4 is a cross-sectional view taken along the line 
IV-IV of Fig. 3 to show the main part; 
Fig. 5 is a cross-sectional view of a second journal 
portion of the balance shaft taken along a plane 
intersecting an axis of the second journal portion; 
Fig. 6 is a cross-sectional view taken along the line 
VI-VI of Fig. 3 to show the main part; 
Fig. 7 is a right side view of the balancing device; 
Fig. 8 is a top view of the balancing device; 
Fig. 9 is a partial vertical sectional view showing 
another form of an eaves-like projecting portion; 
Fig. 10 is a partial longitudinal sectional view show- 
ing another form of a first journal portion; 
Fig. 1 1 is a right side view showing another form of 
a balancing device; and 

Fig. 12 is a top view showing the balancing device 
shown in Fig. 11. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 0] Referring to the accompanying drawings, the 
invention will be described in detail below. 
[0011] Fig. 1 shows a reciprocating piston engine. 
This engine E is an inline four-cylinder engine in which 
a crankshaft 1 extends horizontally and comprises a 
head cover 2, a cylinder head 3, a cylinder block 4, a 
lower block 5, a balancing device 6 and an oil pan 7. 
[001 2] The balancing device 6 is intended to reduce 
a secondary vibration of the engine E generated by 
reciprocating motions of pistons, and the device is 
bolted to a lower surface of the lower block 5 (below the 
crankshaft 1) within the oil pan 7. The balancing device 
6 is constructed such that the rotation of the crankshaft 
1 is transmitted to this balancing device 6 via a large 
sprocket 8 fixed to a front end portion of the crankshaft 
1 (hereinafter, a crank pulley or chain case side is 
referred to as the front side), a small sprocket 9 fixed to 
a front end of a balance shaft (which will be described in 
detail later) on the left-hand side (hereinafter, lateral 
directions are determined when viewed as facing the 
crank pulley or chain case) and a endless link chain 10 
extended between the large and small sprockets 8, 9. 
[0013] Vibration of the endless link chain 10 is pre- 
vented by a chain guide 1 1 fixed to the front side of the 
lower block 5 leftward of the center of the crankshaft, 
and an appropriate tension is designed to always be 
applied to the endless link chain 10 by a chain tensioner 
12 fixed to a front end of the balancing device 6 next 
rightward to the small sprocket 9. 
[0014] As shown in Figs. 2 to 4, the balancing 
device 6 comprises a pair of left and right balance shafts 
13L, 13R which are substantially of the same configura- 
tion and an upper housing 14U and a lower housing 14L 
which are divided vertically as two halves by a plane 
passing through centers of the two balance shafts 13L, 
13R so that the balance shafts 13L, 13R can be sup- 
ported in parallel with each other and thereby accom- 


modated therein. 

[0015] The two balance shafts 13L, 13R are inter- 
lockingly connected to each other with helical gears 
15L, 15R which are connected integrally with the bal- 

5 ance shafts 13L, 13R, respectively. Here, the driving 
force of the crankshaft 1 is transmitted to the left bal- 
ance shaft 13L, as mentioned above, via the large 
sprocket 8, the endless link chain 10 and the small 
sprocket 9. The left balance shaft 13L is thereby driven 

w to rotate at twice of crankshaft 1 speed in the same 
direction as that of the crankshaft 1 , and the right bal- 
ance shaft 13R is driven to rotate in an opposite direc- 
tion through mesh engagement of the helical gears 15L, 
15R. 

is [0016] As shown in Figs. 2 and 3, a thrust bearing 
wall 16 is formed on the upper housing 14U at portions 
corresponding to the helical gears 15L, 15R, the thrust 
bearing wall 16 having thrust receiving faces adapted to 
be brought into abutment with axial end faces of the 

20 respective helical gears 15L, 15R which are made inte- 
gral with the respective balance shafts 13L, 13R. These 
portions are open upwardly, and parts of outer circum- 
ferences of the two helical gears 15L, 15R are always 
exposed into the oil pan so that lubricating oil dropping 

25 from above or flying within the oil pan 7 penetrates into 
the mesh engagement portion between the two helical 
gears 15L, 15R and the thrust bearing wall 16, whereby 
those portions are sufficiently lubricated. 
[0017] First journal portions 1 7 each having a rela- 

30 tive small diameter and second journal portions 1 8 each 
having a relatively large diameter are integrally formed 
on front ends and rear ends of the respective balance 
shafts 13L, 13R. Additionally, counterweights 19 are 
also integrally formed on the rear ends of the respective 

35 balance shafts 13L, 13R in such a manner that the 
counterweights 19 are each divided into two halves 
before and after the second journal portions 18. The. 
position of the gravity of the counterweight 19 is offset 
radially outwardly from the rotational center thereof, and 

40 the diameter of its rotational locus is made larger than 
the diameter of the second journal portion 18 (refer to 
Fig. 4). 

[001 8] A shaft portion 20 of the counterweight 1 9 is 
made thin in order to obtain an originally designed 

45 equivalent rotational mass with a counterweight 19 
which is made as small as possible. Then, in order to 
compensate for a reduction in rigidity resulting from the 
smaller diameter, tapered ribs 21 connecting to axial 
end faces of the second journal portion 18 are provided 

so on a side opposite to the counterweights 1 9 of two shaft 
portions 20 holding the second journal portion 18 longi- 
tudinally therebetween. 

[0019] In addition, in order to make the counter- 
weight 1 9 further smaller by offsetting the position of the 
55 gravity of the second journal portion 18 toward the 
counterweight 19 side, extra metal is cut away from a 
side of the second journal portion 18 which is opposite 
to where the counterweight 19 is formed, in such a man- 
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ner as to remain only axial ends of the second journal 
portion 18. Then, a rib 23 extending along a plane on 
which the central axis of the second journal portion 18 
passes is provided so as to extend over a space 22 pro- 
duced between the axial ends of the second journal por- 
tion 18 after the extra metal has been cut away in order 
to compensate for a reduction in bending rigidity result- 
ing from the cutting away of the extra metal (refer to Fig. 
5). Note that the rib 21 provided on the shaft portion 20 
of the counterweight 19 and the rib 23 provided on the 
second journal portion 18 are provided so as to extend 
along the identical plane. 

[0020] Through this construction, the shaft end por- 
tions of the second journal portion 1 8 on the opposite 
side to the counterweight are allowed to come into con- 
tact with an inner circumferential surface of a metal 
bearing, which will be described later, and therefore 
there is no risk of oil film breakage irrespective of the 
fact that a contact area of the second journal portion 1 8 
with the bearing hole is made smaller as a whole, and 
this can contribute to the reduction in rotational resist- 
ance. 

[0021] Note that a through hole 24 establishing a 
communication between sides of the rib 23 is formed in 
the rib 23 on an axial center side thereof, so as to facili- 
tate the flow of lubricating oil within the space 22 result- 
ing from the cutting away of the extra metal thereat, 
whereby the lubricating oil is prevented from remaining 
within the space so as not to cause an increase in rota- 
tional resistance. 

[0022] On the other hand, the first journal portions 
17 of the respective balance shafts 13L, 13R are sup- 
ported on a first bearing wall 25 provided integrally with 
a front wall of the lower housing 14L Then, the second 
journal portions 1 8 of the respective balance shafts 1 3L, 
13R are supported on a second bearing wall 26 pro- 
vided with a two-part metal bearing which is formed by 
connecting together both the upper and lower housings 
14U, 14L. 

[0023] To accommodate the two balance shafts 
1 3L, 1 3R in the two housings 1 4U, 1 4L, the front ends of 
the two balance shafts 13L, 13R are inserted into holes 
formed in the first bearing wall 25 which is made integral 
with the lower housing 14L, so that the respective first 
journal portions 17 are allowed to be supported on the 
first bearing wall 25, and the second journal portions 18 
of the respective balance shafts 1 3L, 1 3R are allowed to 
rest on a half-divided portion on the lower housing side 
14L of the second bearing wall 26 in which a two-part 
metal bearing is provided. Then, in this state, the other 
half-divided portion on the upper housing 14U side of 
the second bearing wall 26 being aligned with the sec- 
ond journal portions 1 8 of the respective balance shafts 
13L, 13R, the upper and lower housings 141), 14L are 
joined to each other, whereby the two balance shafts 
13L, 13R are rotatably accommodated in the two hous- 
ings 14U, 14L. 

[0024] Using this construction obviates the neces- 
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sity of the counterweight 19 to be put through the bear- 
ing hole, and therefore the respective journal portions 
18, 19 can be thinned while maintaining the sufficient 
strength thereof, thereby making it possible to reduce 
5 the rotational resistance. Moreover, the miniaturization 
and weight reduction of the housings 14U, 14L which 
accommodate the balance shafts 13L, 13R can be 
enhanced at a higher level. 

[0025] As shown also in Fig. 6, a trochoidal lubricat- 

w ing oil pump 27 is provided on the front end faces of the 
upper and lower housings 14U. 14L for distributing lubri- 
cating oil under pressure to respective portions of the 
engine. This lubricating oil pump 27 comprises an outer 
rotor 29 received in a pump housing 28 bolted to the 

is front end faces of both the housings 14U, 14L and an 
inner rotor 30 connected to the front end of the right bal- 
ance shaft 13R. Then, the inner rotor 30 adapted to 
rotate together with the right balance shaft 13R is con- 
structed so as to distribute under pressure, in coopera- 

20 tion with the outer rotor 29, lubricating oil in the oil pan 7 
which has been taken in from the oil strainer 31 
attached to a bottom wall of the lower housing 14L via 
an intake pipe 32 formed integrally with the bottom wall 
of the lower housing 14L, to respective portions of the 

25 engine via a lubricating oil discharge path 33 connected 
to lubricating oil paths (not shown) formed in the lower 
block 5 and the cylinder block 4. 
[0026] As shown in Fig. 3, an attaching boss 34 for 
the oil strainer 31 is connected to the half-divided por- 

30 tion of the second bearing wall 26 at a longitudinally 
intermediate portion of the lower housing 14L The 
intake pipe 32 formed integrally with the lower surface of 
the lower housing HL terminates at the vicinity of the 
frontward first bearing wall 25. The attaching boss 34 for 

35 the oil strainer 31 and the hollow intake pipe 32 are 
formed integrally in such a manner that they continu- 
ously align in line with each other at a position between 
the two balance shafts 13L, 13R on the lower surface of 
the lower housing 14L. Thus, since this construction 

40 allows in particular the plurality of bearing walls (25, 26) 
of the lower housing 14L which support the front and 
rear ends of the balance shafts 13L, 13R to be con- 
nected by the attaching portion 34 for the strainer 31 
and the intake pipe 32, the construction considerably 

45 contributes to enhancing the rigidity of these bearing 
walls (25, 26). 

[0027] Note that the intake pipe 32 partially intrudes 
into an area between the two balance shafts 13L, 13R 
(refer to Fig. 4). This helps reduce the downward 

so expanding amount of the intake pipe. In addition to this, 
since the oil strainer 31 is attached directly to the bottom 
wall of the lower housing 14L, the enlargement of the 
lower housing 14L is avoided. Thus, the construction 
contributes to making the engine compact. 

55 [0028] A pin-like projection 35 is provided so as to 
erect from a bottom surface of an intake port at which 
the oil strainer 31 comprising a metal screen is pro- 
vided, so that the inward deformation of the oil strainer 
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31 can be suppressed. This projection 35 and the inner 
circumferential surface of the strainer attaching boss 34 
are connected to each other by a rib 36, which helps 
enhance further the rigidity of, in particular, the half- 
divided portion of the bearing wall 26 of the strainer 
attaching boss 34. 

[0029] Respective end edges of left and right side 
walls of the upper housing 14U and the lower housing 
14L which come into contact with the dividing plane 
between the two housings are, as shown in Fig. 4, offset 
to each other in the diametrical direction of the balance 
shafts 13L, 13R, whereby gaps 37 open upwardly are 
formed in a plane passing through the centers of the two 
balance shafts 13L, 13R. Lubricating oil OL accumulat- 
ing in the bottom of the lower housing 1 4L is scooped up 
by the counterweight 19 as the two balance shafts 13L, 
13R rotate (in directions as indicated by arrows) to 
thereby be discharged to the outside of the housings 
14U, 14L from the gaps 37. 

[0030] Eaves-like projecting portions 38 are pro- 
vided on the left and right side walls of the upper hous- 
ing 14U so as to extend longitudinally. These eaves-like 
projecting portions 38 confront the openings of the gaps 
37 so as to prevent lubricating oil dropping from above 
from entering into the housings 14U, 14L. 
[0031] As shown in Figs. 7 and 8, these eaves-like 
projecting portions 38 are formed longitudinally along 
the full length of the left and right side walls of the upper 
housing 1 4U, and connected to the eaves-like projecting 
portions 38 are boss portions 39 through which bolts B1 
are put through to fasten the upper and lower housings 
14U, 14L together, the second bearing wall 26, and a 
thrust bearing wall 16 adapted be brought into abutment 
with the helical gears 15L, 15R integrally connected to 
the respective balance shafts 13L.13R for regulating 
axial positions thereof, thus the eaves-like projecting 
portions 38 contributing to enhancing the rigidity of the 
upper housing 14U. 

[0032] Note that the upper and lower housings 1 4U, 
14L are fastened together with three bolts B2 at the sec- 
ond bearing wall 26 where the second journal portions 
18 are supported, so that looseness is difficult to be 
generated at, in particular, the second bearing wall 26 
where diametrical acceleration resulting from the rota- 
tion of the counterweight 19 is applied. 
[0033] The eaves-like projecting portions 38 can be 
allowed to function as a baffle plate for preventing the 
surface of lubricating oil within the oil pan from getting 
roughened, by allowing the eaves-like projecting por- 
tions 38 to extend laterally and to have a suitable cross- 
sectional configuration as shown in Fig. 9. 
[0034] As shown in Fig. 10, a bearing hole 40 sup- 
porting the first journal portion 17 can be formed at the 
dividing plane between the upper and lower housings 
14U, 14L. According to this form, since the dividing 
planes of the respective bearings for the first and sec- 
ond journal portions 17,18 can be used commonly, an 
accuracy can be improved at which the axial centers of 


the respective bearings align with each other. Moreover, 
as shown in Figs. 1 1 and 12, the front and rear bearing 
walls can be connected to each other by the eaves-like 
projecting portions 38 by allowing the eaves-like project- 
5 ing portions 38 to extend to the supporting portion of the 
first journal portion 17, thus making it possible to 
improve the rigidity of the front and rear bearing walls. 
[0035] The balancing device 6 constructed as 
described heretofore is fastened to the lower block 5 
10 from below with bolts B3, as shown in Fig. 4. 

[0036] As is clear from the description that has 
been made heretofore, according to the invention, since 
the balance shaft housing is divided along the plane 
which is parallel with the balance shafts, the gaps are 
15 formed in the dividing plane for discharging lubricating 
oil, and the eaves-like projecting portions are integrally 
formed on the upper housing for covering the surfaces 
confronting the gaps, the eaves-like projecting portions 
help not only prevent lubricating oil from flowing into the 
20 housing but also enhance the rigidity of the housing. 
[0037] In addition, the eaves-like projecting portions 
are connected to the bearing portions for supporting the 
balance shafts, whereby the rigidity of the bearing por- 
tions can be enhanced. Furthermore, the eaves-like 
25 projecting portions are connected to the axial position 
regulating portion for the balance shafts which is pro- 
vided on the upper housing, whereby the rigidity of the 
axial position regulating portion can be enhanced. 
Moreover, the eaves-like projecting portions are con- 
30 nected to the fastening portions which are provided on 
the upper housing for fastening the lower housing, 
whereby the rigidity of the fastening portion can be 
enhanced. Additionally, the edge surfaces of the 
respective side walls of the divided housings which are 
35 brought into contact with the dividing plane are offset 
from each other to thereby form the gaps, whereby the 
reduction in strength of the side walls otherwise result- 
ing from the provision of lubricating oil discharge ports 
is substantially eliminated, and the rigidity of the hous- 
40 ing can be enhanced as a whole. 

[0038] While only certain embodiments of the 
invention have been specifically described herein, it will 
apparent that numerous modifications may be made 
thereto without departing from the spirit and scope of 
45 the invention. 

[0039] There is provided a balance shaft housing 
(an upper housing 14U, a lower housing 14L) disposed 
in an oil pan (7) for accommodating balance shafts 
(13L, 13R) provided with counterweights (19) for cance- 
50 ling out a vibromotive force caused by pistons, charac- 
terized in that the housing comprises housings which 
are divided along a plane which is parallel with the bal- 
ance shafts, and gaps (37) are formed between edge 
surfaces of respective side walls of the divided housings 
55 which are brought into contact with the plane for dis- 
charging lubricating oil from the housing, and that 
eaves-like projecting portions (38) are integrally formed 
on the upper housing (14U) of the divided housings for 
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covering the surfaces confronting the gaps, whereby the 
eaves-like projecting portions help not only prevent 
lubricating oil from flowing into the housing but also 
enhance the rigidity of the housing. 

5 

Claims 

1. A balance shaft housing disposed in an oil pan for 
accommodating balance shafts provided with coun- 
terweights, said housing comprising: w 

an upper housing and a lower housing divided 
along a plane which is parallel with said bal- 
ance shafts, said upper and lower housings 
having end surfaces which are substantially is 
brought into contact with said plane in respec- 
tive side walls thereof in such a manner as to 
cooperatively define a gap therebetween, for 
discharging lubricating oil from said housing, 
wherein eaves-like projecting portions are inte- 20 
grally formed on said upper housing so as to 
confront said gap. 

2. A balance shaft housing according to claim 1, 
wherein bearing portions for supporting said bal- 25 
ance shafts are provided on said upper housing, 
and wherein said eaves-like projecting portions are 
connected to said bearing portions. 

3. A balance shaft housing according to claim 1 or 2, 30 
wherein axial position regulating portions for said 
balance shafts are provided on said upper housing, 
and wherein said eaves-like projecting portions are 
connected said regulating portions. 

35 

4. A balance shaft housing according to any one of 
claims 1 to 3, wherein fastening portions for fasten- 
ing the tower housing are provided on said upper 
housing, and wherein said eaves-like projecting 
portions are connected to said fastening portions. 40 

5. A balance shaft housing according to any one of 
claims 1 to 4, wherein said edge surfaces of said 
respective side walls of said upper and lower hous- 
ings which are brought into contact with said plane 45 
are offset from each other to thereby form said 
gaps. 

6. A balance shaft housing according to claim 5, 
wherein said eaves-like projecting portions are lat- so 
erally projected to confront said end surfaces of 
said side walls of said lower housing. 
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FIG. 3 
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FIG. 5 



FIG. 6 
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FIG. 10 
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